This article investigates the role of the gender composition of selection committees and the role of connections in promoting women in research activities. Exploiting a newly collected data set on recruitment processes to entry-level research positions in a leading Italian research centre operating mainly in the hard sciences, the study finds that bias against women manifests itself at non-tenured entry level and is attenuated by the presence of a woman on the selection committee. However, the most important predictor for recruitment in the study is previous connections with the research centre, a mechanism which, due the lower density of network links with the institute among female candidates, operates as a selection device discriminating against women. The results suggest that gender of the committee members, network structure and type of recruitment must all be taken into account in approaching recruitment policy and that very early stages of scientific careers are crucial for addressing gender bias in research.
Introduction
In a recent press release, the League of European Research Universities stated that as of 2015 "not enough women enter or remain in the research profession and very few are in leadership positions" and that universities failed to make structural changes to facilitate the inclusion of female academics (LERU, 2015) .The European Commission reported that in 2012 women outnumbered men by 9% among students completing university studies, but they were under-represented compared to their male colleagues in top academic positions (EC 2016 ). This phenomenon is commonly known as the 'leaky pipeline' or 'glass ceiling' effect, with both metaphors evoking the difficulty in gaining equal access to the top for women, and applies not only to academia but also to other fields and professions (Blickenstaff, 2005; Beirne and Wilson, 2015) .
This article contributes to the literature on the determinants of entry and career progression for female academics and researchers, with a focus on the Italian research community. Italy constitutes an interesting setting to investigate for more than one reason. On the one hand, in terms of the gender composition of academics, Italy ranks low among OECD countries in terms of women presence in top rank positions. Using the Italian ministry data, Frattini and Rossi (2012) report that there has been some progress in the participation of women in academic positions over time, especially at the lower levels of the career ladder, but leaving the percentage of women in Full and Associate professorships quite unchanged (respectively 23% an 37% in 2017 -see also ANVUR 208). In other words, it is still significantly harder for women to access, progress and pursue a career in Italian academia. On the other hand, the job market for research positions is more segmented than in other countries: while universities are perceived as the most appealing workplaces, public research institutions come second, whereas private research centres exist in a limited number. The hiring freeze that hit Italian universities over the period [2008] [2009] [2010] [2011] [2012] , for budget reasons, prompted many young scholars to search for opportunities either in foreign universities or in research institutes.
The specific focus of this article is the recruitment practices in an Italian hard science research institute, which is one of the largest public research centres in the north-eastern part of Italy. The study investigates whether there is bias against women in the selection process for entry-level positions and whether a higher proportion of women on selection committees could raise the proportion of women selected for research jobs. In studying these issues, this article focuses on the role of connections in the application process from a gender perspective. Several questions can be raised in this respect: Are connections important? Are they gender-neutral? Can a potential initial disadvantage for women be compensated by strong ties with committees or with the institution under study? Does being connected help women and men differently?
Gender discrimination in academic or research competitions might be one of the reasons for the current underrepresentation of women, possibly because very few women are eligible to participate in committees evaluating new entrants (De Paola and Scoppa, 2015) . One direct affirmative action in this context consists of imposing gender quotas on selection boards. This has already been introduced in some European countries, and the European Commission has recently advocated the policy as a desirable tool to countervail gender inequality in the academic sector (Meulders and O'Dorchai, 2013, p. 7 ). Yet, imposing gender quotas on scientific selection committees does not represent a zero-cost policy since it requires a disproportionate share of senior women's time to be spent attending selection committees and thus decreases the productive activity of female researchers.
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The contribution of the article is threefold. First, in contrast to previous studies, it investigates gender bias in non-academic research positions. The non-academic research environment is important in its role of second-best alternative, as women are disproportionately scarce in tenuretrack positions, and tend to leave academia towards adjunct positions and research fellowships outside of universities (Wolfinger et al., 2009 ). Second, this study examines recruitment processes, not career advancement. The recruitment strategy studied here operates mainly at the lowest research levels, equivalent to post-doctoral or research fellowship positions at universities, and no other study about Italy has so far investigated gender bias at the start of the research career. This is an important layer of the research ladder, because it may be the starting point of divergence in female and male research careers. Third, the article studies research connections as a potential explanation for gender imbalance in research, given its discretionary nature that allows for discriminating against or favouring female researchers.
Although we believe that the research centre under study is not dissimilar from other Italian research centres in STEM sectors in terms of selections for entry positions and has common grounds with close-by Italian Universities, we limit our conclusions to this centre and do not generalize the results to Italian academia as a whole. We trade the possibility for generalization that could be obtained through data sets encompassing the whole academia with an insight into innovative data set containing unique administrative information on selection procedures taking place in a subpopulation-specific research institute (Duncan, 2008) . The advantage of this study is therefore that detailed administrative data on hiring enable us to test in a more precise way the theoretical mechanisms of bias against women in research recruitment and discuss its theoretical implications for similar research organizations.
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Previous research
Underrepresentation of women in the research profession has triggered interest among scientists to understand the underlying reasons. The existing literature contains two streams of research:
explanations based on differences in characteristics and/or behaviours between female applicants and non-applicants, and explanations centred on the discriminatory behaviour of employers. On the one hand, several important factors are found to play a role when a woman decides to apply for research positions: performance and achievements in previous stages of the career (Wolfinger et al., 2009 ); the burden of childrearing and a quest for balance between work and family (Shen, 2013) ; the level of risk aversion, confidence and competitiveness (Azmat and Petrongolo, 2014) . On the other hand, bias against female candidates in the selection procedure is one of the reasons why women are prevented from entering and reaching the upper levels of an academic career. As explained by Ridgeway (2009) , gender is one of the primary cultural distinctions that brings with it expectations about sexuality and reproduction, influencing social interactions and expectations. The origins of the bias may be different. First, there is "taste bias" when women are excluded based on prejudice and sexist views (Ellioth and Smith, 2004) or ideological beliefs about who is eligible for certain professions (Witz, 1990) . For example, academic research is often considered an environment particularly suitable for (white) men (Dressel et al.,1994) . Second, there is status-based discrimination where gender is viewed as a status characteristic and women as a group are perceived as less productive and less committed (Ridgeway and Kricheli-Katz, 2013) . However, productivity concerns may also be related to woman's partnership status, as female academics with partners may be considered by selection committees as more likely to make career concessions (Rivera 2017). Also, expectations for low productivity may originate from the possibility that women are (or are likely to become) mothers, because a mother's status is seen as a deviation from 6 the notion of an ideal worker, and the effort of mothers as a group is considered low (Correl et al., 2007) . This is due to a frequent pattern of work interruptions and part-time employment that characterizes mothers but not fathers, especially during the early age of their children. It is difficult to distinguish between these different types of bias against women in empirical research, and most often the distinction is neglected. In addition, bias in evaluations can come from both genders. In a recent article, Moss-Racusin et al. (2012) find an intrinsic gender bias against female researchers in STEM disciplines that influences the choices of professors of both genders. However, more often the empirical literature finds that the chances of success of female candidates are limited by a potential gender bias of male professors or male committee members. Wold and Wennerås (1997) report evidence of bias against female candidates in applications for fellowships in the Swedish Medical Research Council. Similar evidence is reported by De Paola and Scoppa (2015) and Bagues et al. (2017) for the qualifications for associate and full professorships in the Italian academic community; similar results are also observed for internal promotions within Italian faculties (Marini and Meschitti, 2018) .
Gender diversity in selection committees has lately been recommended as a way of contending biased decisions of male selectors with respect to the gender of the candidates. The mechanism of group interaction in mixed-gender groups can be different in comparison to same-gender groups (Bratton, 2005; Ridgeway and Correll, 2004) . Men and women may be different in their preferences and choices, and also in the way in which they behave (Apesteguia et al., 2012) , influencing the group interaction and the outcome of decisions. In the particular case of selection committees, women may influence the final decision on the candidates through their own vote as well as by influencing the votes of the other committee members. However, the effect of the gender composition of selection committees on decision making is hard to predict. On the one hand, a 7 greater female presence on committees could broaden preferences, representing more diverse models of scientific careers, and prevent bias against women: as a consequence, this would drive decisions to hire more women as scientists (Azmat, 2014) . On the other hand, the relationship between female presence and selection of women could be non-linear, thus raising the issue of a minimum threshold of female presence required in order to affect decisions in favour of women. Kanter (1977) stipulates that a different proportion of women in a group may lead to different outcomes of decision making. Based on the percentage of women in groups, she identifies homogenous groups with complete dominance of either men or women in the group, skewed groups with a large (85%) dominance of one gender, tilted groups with the ratio of 65% to 35% and balanced groups in the intermediate shares. In this classification, there are token women when they represent an important minority below 15%. Applied to selection committees, this means that the influence of women can be somewhat symbolic or substantial, depending on their actual share. This classification led to the expectation of many authors (see for instance Sarah and Mona, 2008 ) that only a critical mass threshold, which corresponds to at least 35% of women, could serve the interests of applicant women. Following the above arguments on the presence of gender bias in evaluation and the positive role of mixed-gender committees for the selection of women, one may expect that committees composed of men are potentially biased against women and that a female presence on the committee increases the likelihood of a woman being selected, the more so if the presence of women is above the critical threshold of 35%.
Another important mechanism in which gender inequality and bias in scientific research can take place is through informal and formal professional connections. These connections facilitate entry in academic jobs (Forret and Dougherty, 2004) , and help improving career prospects and job opportunities. Co-optation through informal networking has traditionally been one of the principal 8 means of recruitment in academia (Van Den Brink and Benschop, 2012b; Wold and Wennerås, 1997) . In a similar vein, candidates' connections with the academic élite and eminent professional networks may help the dissemination and citation of scientific publications (Van den Brink and Benschop, 2012a), but may also be directly responsible for the recruitment of new researchers and scientists (Zinovyeva and Bagues, 2015) . However, women tend to be less involved in high-status professional networks and powerful coalitions (Van Den Brink and Benschop, 2012a) , especially in male-dominated fields, and are less likely to profit from informal connections (Forret and Dougherty, 2004) . One potential explanation is homosocial reproduction (networks between similar individuals), which particularly affects men's career development. Although research shows that both men and women are equally likely to engage in the processes of homo-social reproduction, men are in better position to apply this strategy as they outnumber women in relevant positions and are more often able to provide network assistance to similar colleagues (Ellioth and Smith, 2004) .
Applied to the research environment, one of the reasons for the under-representation of women in networks and research might be that women find themselves more often evaluated by male (dissimilar) colleagues and superiors who often apply standards of entry more suitable to their dominant group (Van Den Brink and Benschop, 2012a) . Based on the above-mentioned literature, one may expect a strong role of academic connections in recruiting researchers and hypothesize that connections are gendered in favour of men, thus influencing the final selection of the candidates. institute has an excellent reputation and attracts many young researchers, not only from the local universities but also from other Italian regions and from abroad. It offers a highly competitive salary system compared to other European countries, and certainly above Italian standards for equivalent positions in academia. In this sense, the institute parallels the Italian academic system, providing a valid occupational alternative to professorships in universities, sustained by salaries and funding competitive to European levels. However, given the public nature of the organization, recruitment procedures must comply with minimum standards of transparency and publicity, which are rather similar to rules prevailing in Italian academia (and more generally to the entire public administration). The institute offers both tenure-track and non-tenure-track positions, where the first group enables researchers to progress within the institution, and the latter is characterized by temporary employment conditions without direct eligibility for higher-level positions (post-doctoral fellows, short-term grants and research analysts).
The selection process
The selection procedure for hiring new researchers relies on a publicly advertised call and follows the rules and stages outlined in the internal guidelines of the institute. The selection of researchers 10 for both tenure-track and non-tenure-track posts consists of four stages. In the first stage, a selection committee carries out a first screening of applicants based on CVs and (if applicable) reference letters, yielding a shortlist of at most 20 candidates. In a second stage, short-listed candidates are then interviewed by the same committee. This second phase assesses the suitability of the candidates, and produces a second shortlist of qualified candidates, ranked according to their quality and adequacy for the position. Finally, the post(s) is offered to the highest ranked candidate(s); if the offer is rejected, the second-best ranked candidate receives the offer, and the process continues until either the offer is accepted or the list of qualified candidates is exhausted.
Each selection committee consists of up to five members and is typically composed by senior researchers working in the same research unit(s) that opened the hiring procedure; they are often complemented by on officer from Human Resources Department, in order to check the consistency of the procedures. The committee members are appointed by the head of the unit or the centre on the basis of their being experts in the research domain of the call. They are not made public in advance, and are therefore unknown to the potential candidates in the moment of application.
Data
The data used in this study were purposely collected from three main sources: applicants' CVs, the administrative archives of the institute and the Scopus bibliometric database, which was used to retrieve information on candidates' and selectors' research output.
i These three sources lead to a multilevel design of the analysis, since the data relate to both the individual applicant and the call level.
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The final sample excludes both the competitions with only one applicant and competitions without selected winners. It also excludes competitions with focus on humanities, given the small size of these research units and the absence of largely accepted bibliometric criteria. As a result, the final dataset contains 608 applicants for 78 calls. Table 1 reports the split per year of application. The calls examined here were all public, open to both external and internal candidates. More information on the data set is available in the Online Appendix.
[ 
Variables
Candidate-level variables
The dependent variable in the analysis is the dummy variable Success ij , which takes value 1 if the candidate i was eventually selected in call j and 0 otherwise. The main covariates consist of a dummy for the gender of the candidate (value 1 if the candidate is a woman), and an interaction term between the gender of the candidate and a dummy for the presence of a female researcher on the committee. Other covariates included in the analysis relate to the candidate socio-demographic characteristics, education and field of study, work experience, scientific productivity (publications and H-index, retrieved from Scopus) and pre-existing ties with the research institute. These, as well as a detailed description of the variables categories, are reported in the Online Appendix.
The H-index is standardized by applicants' field of research. The research field is recoded in three main areas, according to the very heterogeneous publication propensities across the disciplines: 1) social sciences correlated to engineering research areas (like management, human resources); 2)
hard sciences (physics, chemistry, geography), excluding mathematics; 3) engineering, computer sciences, architecture, environmental sciences and mathematics. Unfortunately, no information can be gathered on the marital status or the number of children of the candidates (relevant especially for female candidates). However, given the relevance of child rearing activities for a correct measure of woman's scientific productivity, we adjust the H-index for the fertility patterns of women currently employed at the institute, under the assumption of similarity of the two populations (those already hired and the applicants). With this procedure we impute a maternity risk to each female candidate, according to her age, based on the age distribution of first maternity in the population of women currently employed at the institute. The age profile of these risks is computed under a lowess estimator.
ii Finally, candidates' pre-existing ties with the institute are captured by a dummy variable, Ties with the institute, which takes value 1 if the candidate had prior ties with the institute or with one member of the selection committee, either in the past or at the time of the application. Candidates are classified as having a pre-existing tie with the institute if they meet at least one of the following criteria: 1) co-authorship with a member of the selection committee; 2) being supervised at the master or Ph.D. level by one of the committee members; 3) prior work experience (including internship) at the institute; 4) current work experience (including internship) at the institute; 5) an indirect tie with a committee member due to belonging to the same internal network (Colussi, 2015) (e.g. the selector co-authors with the Ph.D. supervisor of the candidate, or the selector co-authors with the co-authors of the Ph.D. supervisor, or the selector co-authors with the co-authors of the candidate). Although reference letters often follow the application procedure, they are not collected in the data set, and therefore not used to generate the variable indicating ties. Cases 1), 2) and 5) are referred to as "committee ties" and 3) and 4) as "institution ties", with the underlying hypothesis that ties with the institution may exert a stronger effect on the hiring procedures, since a candidate 13 with prior or current work experience at the institute may have had more opportunities to show her skills and/or to create networks within the hiring institution. Moreover, it is possible to identify gendered ties on the basis of the genders of candidates and their respective direct connection in the committee or within the institute. Even if four different combinations are theoretically possiblemale candidate/male contact, female candidate/male contact, and so on -only the first two are encountered in the data set. This is due to the vast majority of male directors and superiors within the research institute considered. The cases when it was impossible to identify the gender of the contact in the committee or within the institute are referred to as "undefined". A variable Intensity of ties, counting the presence of multiple ties, is also introduced: it ranges from 0 to 5, which is the maximum number of different connections outlined above (e.g. a value of 2 means an accumulation of two types of connections for the same candidate). Table 2 and Table 3 give an overview of the candidates' and the committee members' main characteristics.
Call-level variables
Descriptive statistics
[ There are marked differences between the male and female candidates in their characteristics and research productivity. In addition, the average male candidate differs from the female one in a higher intensity of ties (1.42 vs. 1.13), and in the maximum number of ties (four types of connections vs. a maximum of two for females). 69.2% of connections are male-male direct connections, 20% are female-male connections and 10.8% are undefined. Finally, women are underrepresented in the ties with committees.
The committees include at least one female researcher only in 17% of the cases. In addition, the percentage of female researchers on the committees varies little, as on average only one member of scientific personnel is a woman. There is one outlier competition with four female researchers on the committee. If one excludes this competition and once a female researcher is on the committee, 15 the average share of female researchers is 31% of the total of commissioners. Additional tables are available in the Online Appendix.
Empirical analyses
4.1. Gender composition of committees and female success 4.1.1.
Analysis on the full sample
To examine the effects of the gender composition of the committee on the probability of being hired, we estimate the model:
where Success ij is a dummy variable taking value 1 if candidate i was selected for call j and value 0 otherwise. Controls for gender of the candidate, Female ij , and interaction between her gender and a dummy variable indicating the existence of at least one woman on the committee, Female ij  Female (no HR) on committee are included. Thus, β 1 indicates the effect of being female on the probability of being selected by an all-male selection committee, whereas β 1 + β 2 indicates the effect of being female on the probability of being selected by a mixed-gender committee. All committees are considered net of presence of Human Resources, and refer to research staff. X ij is a vector of candidate attributes, such as age and origin, a dummy for holding a Ph.D., years of work experience, the standardized H-index at the year of the competition (with the standardization implemented among applicants and within field of research, as outlined in Section 3.4.1) iii , and the presence of pre-existing ties with the institute.
Equation (1) is estimated using a conditional logit model, hence through conditional maximum likelihood estimation. The conditional logit allows taking into account the candidates' interdependent probabilities of being recruited: the likelihood of an outcome is conditional on the number of positive outcomes (in the present case, success) within the group. For almost all the calls in the dataset only one candidate was selected per call and hence the group at the basis of the conditional logit is composed by candidates applying for the same call. Hence, the differences across candidates are considered at the call level. This characteristic of the conditional logit estimation allows to implicitly take into account fixed effects of the call (conditional logit is also referred to as "conditional fixed-effects logistic regression"). Estimated coefficients for the conditional logit are displayed in Table 4 .
The Equation (1) is also estimated using a Linear Probability Model (LPM), whose coefficients are closely related to average marginal effects (Mood, 2010) . Estimates from both conditional logit and LPM are utilized to avoid a potential presence of unobserved heterogeneity influencing comparisons of coefficients within and across conditional logit models, leading to biased results. In case of LPM, Equation (1) also incorporates a call fixed-effects term, µ j , which includes both the type of position and the area of specialization, as well as other call level factors that may influence the candidates' probability of success. The LPM also allows direct interpretation of non-linear interaction effects in the form of marginal probabilities (Buis, 2010) . The coefficients of LPM are provided in the Online Appendix and are discussed in the text. They mostly confirm in sign and significance the estimates obtained by conditional logit.
[ TABLE 4 here]
In Table 4 , column 1, one may observe whether there is an overall lower probability of female candidates being recruited. The results reject this hypothesis. However, when examining the effect of the gender composition of the committee in column 2, it becomes apparent that committees with a female committee member tend to increase the chances of female candidates. As reported in Table   A6 of the Online Appendix, the chances of female candidates are 20.5% higher in such case. This also holds true if one includes a measure of the candidates' scientific productivity, the standardized H-index, as in Table 4 , column 3, although the chances become slightly lower.
After including the individual characteristics (Table 4 , column 4), the interaction between the gender of the candidate and the presence of women on the committees retains sign as in the previous models but remains significant only at 10%: as shown in Table A6 , the probability that a female researcher will be hired increases by 17.5% if there is a female researcher on the committee.
Finally, in the full model in Table 4 , column 5, the pre-existing ties variable exhibits a positive and highly significant coefficient, while the interaction term is no longer significant. In other words, the number of women on the committee does not seem to make a difference to the selection of female candidates when taking into account the connections with the research institute.
Analyses were run on both all competitions and on all competitions except the outlier competition characterized by four female researchers on the selection committee. In the latter version, even though the sign of the interaction term is confirmed, its significance disappears already in Model 3, implying that results are less robust when the average number of women on the committee is below the critical mass threshold. It is worth noting that the measure of scientific productivity loses its significance when work experience and geographical origin of the candidates are introduced in 18 columns 4 and 5. In addition, the measures of geographical origin show that non-EU candidates have lower chances of being selected in comparison to all other groups iv .
Analysis on sub-samples of candidates
In this section, previous analyses are replicated on sub-samples obtained by splitting the original data set according to relevant call-level variables (Table 5) . First, the sample is divided according to the average H-index of all the selection committees (top quartile vs lower quartiles). This is intended to investigate whether selection committees characterised by different scientific visibility (bibliographic production) adopt different criteria in the hiring process. Second, models for nontenure-track and tenure-track research positions are separately considered. These positions differ in the opportunities for career and internal promotion, thus they could also exhibit different hiring patterns. Moreover, in Table 7 , low paid and highly paid positions are separately considered. These differ in: i) their level of attractiveness to the candidates, and ii) costs to the employing institution.
The latter might induce differences in the way the candidates are treated in the selection procedure.
The results of the models based on the sample split according to scientific productivity of the committees v show that the presence of female committee members does not seem to matter in promoting female candidates in the committees with lower scientific productivity, after controlling for individual characteristics and the presence of ties. In addition, the committees with lower bibliographic production seem to be highly susceptible to the influence of networking patterns and internal connections. On the contrary, committee members in the top quartile of scientific productivity seems to be insensitive to prior connections with the institute, a result that indicates greater attention to measurable qualities in contrast with the general model shown in Table 4 .
When it comes to non-tenure-track and tenure-track positions, results suggest that females applying for non-tenure-track jobs have, ceteris paribus, a lower probability of being hired by all-male committees, and this effect is significant both with and without the control for ties. In other words, the chances of female researchers to be hired are lower by 10.2% and 9.3% respectively when evaluated by all-male committees (Table A7 of the Online Appendix, columns 3a and 3b). This result shows bias against women in hiring. However, a female member on the committee increases the chances of hiring a female researcher in non-tenure jobs by 22.9% , thus attenuating the bias (Table A7 , column 3a).
When moving from the specification without ties with the institute to the specification with ties, the positive coefficient for the interaction between female candidates and the dummy for female committee members reduces its significance to 10%, while LPM in Table A7 , column 3b, reports the average marginal probability of 18.9%. This suggests that also in this case female committee members might have previous connections with the female candidates.
When looking at recruitment for tenure-track research positions, being a woman becomes a secondorder effect. There is no evidence of observables affecting the probability of recruitment except geographical origin and having prior ties. This means that recruiting at higher levels follows different logics: being local and well networked with the institute seem to matter the most.
[ When splitting the data set according to the median wage in the sample (around 2800 Euros per month, gross), we do find evidence of discrimination against female candidates for lower paid positions, and also a positive and significant coefficient of connections for these positions. This allows us to disentangle the role played by tenure and by wage: indeed, connections always 20 mattered irrespective of tenure, whereas higher paid positions seem to be unrelated to connection mechanisms (this result is confirmed in the LPM of Table A8 ).
Gender, ties and recruitment
The previous analyses have shown that selection committees are mostly male-dominated and that there is little variability in the female participation to the committees. In most competitions, the presence of women consists of just one woman, although their share varies according to the total number of the committee members. The present data set includes only one competition (amounting to 11 observations) with four women on the committee, thus representing an all-female committee.
Interestingly enough, in all cases where a male candidate is successful, no female researcher is present on the evaluating committee, whereas in 36% of the cases when a female candidate is selected there is at least one female researcher on the committee. vi One can also observe that in almost any model specification and sample split, the most important factor affecting the probability of recruitment is pre-existing ties with the institute. Table A10 in the Online Appendix reports the predicted probabilities of success for female and male candidates with different profiles (gender, ties, and female presence on the committee) net of other characteristics, computed from estimated coefficients of the main model in Table 4 and the same model with three-way interactions. The difference in probabilities of success between having ties and not having ties for male candidates amounts to 35% in comparison to 23% for women, showing how the ties for male candidates might be more effective. This could represent an alternative channel through which a gendered selection may take place, since prior ties precede the actual selection process. Table A9 further shows that when a woman is not on the committee, hiring probabilities of female candidates increase only by 10% in the presence of ties. On the contrary, once a female member is on the committee, the presence of ties adds 35% of probability of winning. To sum up, it seems that indirect links (with female members of the committee) seem to explain in part the higher propensity for a female to win a competition if at least one of the committee members is a woman, as well as male-male connections might be responsible for recruiting male candidates.
To shed more light on the process, the impact of different types of ties with the institute on the probability of being recruited is examined in two ways in Table 7 : first, the conditional logit model in Table 4 , column 5, is replicated replacing the variable Ties with the institute with the two variables representing ties with the institution and ties with the committee. Second, the same model is estimated replacing the two dummy variables with the Intensity of ties indicator. Third, Ties with the institute is replaced with gendered connections: male-male, female-male connections, and a category with observations where gendered links could not be attributed. The gender of the candidate is linked to the gender of the official tie, which does not exclude the existence of informal ties with female committee members. The data set, however, includes only two types of gendered connections based on a formal contact: male-male direct connections and female-male connections (see Table A5 in the Online Appendix).
[ The results in Table 7 show that the most effective ties in terms of probability of success in the competition are ties with the institution, in line with our predictions. Hence, it seems that having worked or currently working at the research centre is the most effective channel to future employment at the centre. Female connections created while working for the institute could be a mechanism that explains the relationship between female committee members and the success of female candidates despite the absence of formal female-female connections.
When investigating the role of multiple ties in recruitment, by treating the different types of ties with equal weights, the results show that having an additional tie, either with the institution or with the committee, statistically increases a candidate's probability of success. Men are more likely to have multiple connections within the institution, and thus have more chances of success thanks to networking.
Finally, the model with gendered connections shows that male-male connections seem to be more effective than female-male connections, pointing to a stronger role of exclusively 'male' ties in winning the competition. The results are confirmed in LPM in Table A11 of the Online Appendix.
Discussion and conclusion
Gender disparities in many professional fields are a highly-debated topic (Beirne and Wilson, 2015) . This article aims to shed light on the presence and mechanisms of bias against women in hiring procedures of an Italian research centre. Although the results are contingent to a specific research centre, implications for testing theoretical mechanisms of gender discrimination in research environments are important.
First conclusion of this article is that bias against female researchers is particularly strong at the very early stage of scientific careers potentially leading towards under-representation of women in research centres in later stages of scientific career. Our results show that all-male committees in non-tenure-track selections favour men over women after controlling for education, experience, productivity and prior connections. It is thus particularly important to address this issue and recruit 23 more women at entry positions. This result is in line with the initially outlined theoretical expectations stemming from the literature on female representation in research profession (Dressel et al., 1994) and confirms the findings of some recent studies on gender bias in promotion in Italian universities (Marini and Meschitti, 2018) . Although the literature reports different possible reasons for bias against women in research profession, data limitations in our study do not allow for direct testing between different forms of bias. Yet, reasons for this bias could be productivity concerns related to the short-term character of non-tenure-track positions where men are expected to perform better under pressure, or be more available to meet the demands of the employer.
The analyses show, however, that the female presence on committees attenuates this bias and helps increase the number of women hired. Interestingly, the presence of female committee members is found to facilitate the entry of female researchers also in cases when all-male committees do not necessarily discriminate against women. This might suggest that also positive discrimination for women takes place if committees are composed of both genders. In addition, the role played by female members of committees was found to be stronger once all female committee was included in our analyses, that is, once the mean percentage of women on committee in the sample was closer to the critical mass threshold (Sarah and Mona, 2008) . Thus, the present article suggests that gender diversity in scientific committees may be a solution for gender-biased preferences towards same-sex candidates in selection committees, which are generally male-dominated, although the effectiveness of these teams for hiring female researchers needs to be judged relative to the varying proportion of women on committees. Finally, the decision on whether to introduce gender quotas on selection committees in specific cases and the policy-relevance of these findings would need to be evaluated against the adverse effects of these measures, such as disproportionate commitment of women serving on committees, which could influence their productivity and achievement.
24
The second conclusion of this article concerns the role of ties in hiring and their gender character.
Connections between candidates and the Institute, whether these are with members of the selection committee or due to prior employment are the strongest predictor of success in selection within the institute studied, after considering all observable characteristics. This is in line Notes: Standard errors in parentheses (*** p<0.01, ** p<0.05, * p<0.1). In models 1a and 1b the interaction term is not included due to the existence of just one mixed-gender committee belonging to the 4 th quartile of committees in terms of H-index distribution. Due to small number of cases in sample splits, geographical origin is given as being of Italian origin or not. ii More information on the procedure is in the appendix.
Tables
iii The analyses were also run with the standardized number of publications instead of the H-index without any relevant change in results. iv Although the focus of our analysis is on the presence of gender bias, similar mechanisms might be operating for people belonging to different minority groups, of various sexual identities and so on. The analysis of selections in the institute shows that bias based on non-European origin might be worth future investigation. v The scientific productivity of the committee is the mean of the scientific productivity of participating committee members, which is computed according to Scopus data base. vi The table is available upon request.
Data
The 
Control variables
Age is a continuous variable. The candidate's age is missing in 47% of the CVs. When no age is reported, it is estimated from the year of graduation. Origin was coded distinguishing between region where the institute is placed (local), the rest of Italy, the European Union (including According to Falagas et al. (2008, p. 338) , "Scopus offers about 20% more coverage than Web of Science, whereas Google Scholar offers results of inconsistent accuracy." Moreover, "Scopus helps distinguish between the researchers in a more nuanced fashion than Web of Science." (Meho and Rogers, 2008, p. 1711) . Both publications and H-index data were retrieved for the specific year of the call for which the candidate applied. The candidates' H-index was collected in addition to the number of publications, since it combines measures of quantity and visibility of scientific production, and therefore is a good proxy for the importance and significance of candidates'
contributions (Hirsch, 2005) . However, in order to take into account the different publication propensities across disciplines, we implemented a standardization of H-index within: i) social sciences correlated to engineering research areas (like management, human resources); ii) hard sciences excluding mathematics, iii) engineering, computer sciences, architecture, environmental sciences and mathematics.
The H-index is then adjusted for maternity risk. We obtained data regarding fertility of female researchers from the HR department of the institute. The maternity rate in the institute is very low (only one woman out of four has ever had children), and the average age of mother at the first child is 35 years old. Adjusted standardized H-index has been computed as follows:
(1 -)
. 
Work experience
Candidate's work experience in years, excluding Ph.D. years
Ties with the institute D
The candidate has at least one among the types of ties indicated at Section 4.1.1
Ties with committee D
The candidate has ties with the institute either of type 1), 2) or 5) -see main text
Ties with institution D
The candidate has ties with the institute either of type 3) or 4) -see main text
Intensity of ties
Number of candidate's types of ties with the institute (range 0-5)
Male-Male ties D
The candidate is a male and has a tie with a male
Female-Male ties D
The candidate is a female and has a tie with a male 
Descriptive statistics
Descriptive statistics regarding the monthly wage, the applicants' ages and the contract length across the different research positions are reported in Table A2 . Table A3 depicts the number of candidates and calls across the different positions included in the data set. There are on average 8 applications per call (7.27 for tenure-track positions and 8.06 for non-tenure-track positions). The variation in the number of candidates across calls, however, is considerable, ranging from 2 applicants to more than 30 applicants. Majority of calls are for nontenure-track positions (69%). The percentage of female candidates does not differ between tenuretrack and non-tenure-track positions. However, the success rate of the female candidates is higher in tenure-track applications.
Table A3 -Number of candidates and calls across different positions
By breaking down the variable representing prior ties with the institute into "institution" and "committee" ties, it is shown that female candidates have disproportionally fewer ties with the committee than their male counterparts. Similarly, intensity of ties is higher for male candidates (Table A4) . Table A5 shows that out of 65 observations with prior ties (11% of the final sample), 69.2% of these are male-male direct connections, 20% are female-male connections and 10.8% are undefined. 
Empirical analyses
All models were also estimated replacing the standardized H-index of candidates with the standardized number of publications at the year of the competition, without differences in terms of sign and statistical significance of the relevant coefficients. Moreover, the results of the final conditional logit models are mostly confirmed in significance and in signs when linear probability model estimation is performed. Table A6 reports the full results of a linear probability model, with fixed effects at the call level, which represents the main model specification of Table 4 in the main text. Notes: The Table reports linear probability model coefficients, with call fixed effects. The dependent variable is a dummy variable for being recruited. Clustered standard errors (at the call level) are reported in parenthesis. Symbols *, ** and *** indicate that the coefficients are statistically significant at the 10%, 5% and 1% levels, respectively. Italian local origin used as reference category. 608 observations (in contrast to 606 is the conditional logit) due to difference in estimation procedures. Table A7 reports the results of a linear probability model, with fixed effects at the call level, for sample splits as in Table 5 in the main article. Notes: The Table reports linear probability coefficients, with call fixed effects. The dependent variable is a dummy variable for being recruited. Clustered standard errors (at the call level) are reported in parenthesis. In models 1a and 1b the interaction term is not included due to the existence of just one mixed-gender commission belonging to the 4 th quartile of commissions in terms of H-index std. Due to small number of cases in sample splits, geographical origin is given as being of Italian origin or not. Symbols *, ** and *** indicate that the coefficients are statistically significant at the 10%, 5% and 1% levels, respectively.
Finally, Table A8 contains estimations from a linear probability model which parallel those of Table 6 in the main text for a conditional logit. Gender, ties and recruitment Table A9 reports the percentage of candidates with and without prior ties: overall, 12.40% of the female applicants have previous ties with the institute, and the percentage for males stands at 10.27% (the differences in the proportions are not statistically significant; two-group test of proportions: z = -0. 599, p = 0.549). No statistically significant differences across genders were found when successful and unsuccessful applicants were considered separately. Table A10 reports the predicted probabilities of success for female and male candidates with different profiles, net of other characteristics, computed from estimated coefficients of the main model with two-way and three-way interactions (gender of the candidate, woman on the committee, prior ties). Male candidates have a 40 % probability of success without prior ties, and 76 % with prior ties. Female candidates with ties and all-male committees have a 55% probability of winning a selection. The probability is very high, at 91%, if female candidates are both connected and there is a female researcher on the selection committee. Moreover, in 50% of the competitions in which female candidates with a prior connection were successful there was at least one female researcher on the committee. Table 4 , column 5 and from a model with three-way interactions that is available upon request. Table A11 reports the results of a linear probability model, with fixed effects at the call level, for the model with types, intensity of ties and gendered ties as in Table 7 in the main text. 
